ABSTRACT
INTRODUCTION
Ovarian cancer is the leading cause of death among women from gynecologic malignancies (1) . Previously, we have successfully applied RAP-PCR (differential display) technology to identify differentially expressed genes in ovarian cancer, and only a few genes have been identified in the last few years (5) (6) (7) .
cDNA microarray technology is a very sensitive method that allows one to analyze thousands of genes simultaneously (2, 3, 9) . Several commercial human cDNA microarray systems are currently available. Here, we discuss the use of the MICRO -MAX™ system (NEN ® Life Science Products, Boston, MA, USA) to identify genes that are differentially overexpressed in ovarian cancer cells. The use of an efficient tyramide signal amplification (TSA) system in the MICROMAX system enables us to use 20-100 times less total RNA than the currently used method. The use of a lower amount of RNA is very desirable in microarray analysis of precious RNA samples extracted from primary cell cultures or microdissected tissue samples.
MATERIALS AND METHODS

Cell Culture
Cultures of the normal human ovarian surface epithelial (HOSE) cells were established by scraping the HOSE cells from the ovary and growing in a mixture of Medium 199 and MCDB105 supplemented with 10% fetal calf serum (Sigma, St. Louis, MO, USA) as described previously (7) . The seven HOSE cells used were HOSE17, HOSE636, HOSE642, HOSE695, HOSE697, HOSE713, and HOSE726. The ovarian cancer cell lines used were OVCA3, OVCA420, OVCA432, OVCA433, OVCA633, SKOV3, and ALST. All cell cultures and cell lines were established in the Laboratory of Gynecologic Oncology, Brigham and Women's Hospital, except SKOV3, which was purchased from ATCC (Manassas, VA, USA).
Microarray Probe and Hybridization
MICROMAX human cDNA microarray system, which contains 2400 known human cDNA on a 1 × 3 inch slide, was used in this study. Microarray probe and hybridization were performed as described in the instruction manual. In brief, biotin-labeled cDNA was generated from 3 µ g total RNA, which was pooled from HOSE17, HOSE636, and HOSE642. Dinitropheny (DNP)-labeled cDNA was generated from 3 µ g total RNA that was pooled from ovarian cancer cell lines OVCA 420, OVCA 433, and SKOV3. Before the cDNA reaction, an equal amount of RNA control was added to each batch of the RNA samples for normalization during data analysis. Biotin-labeled and DNP-labeled cDNA were mixed, dried, and resuspended in 20 µ L hybridization buffer, which was added to the cDNA microarray and covered with a cover -slip. Hybridization was carried out overnight at 65°C inside a hybridization cassette (Telechem, Sunnyvale, CA, USA).
Posthybridization and Cyanine-3 (Cy3™) and Cyanine-5 (Cy5™) TSA After hybridization, the microarray was washed with 30 mL 0.5 × SSC, 0.01% SDS, and then with 30 mL 0.06 × SSC, 0.01% SDS. Finally, the microarray was washed with 0.06 × SSC. Hybridization signal from biotin-labeled cDNA was amplified with streptavidin-horseradish peroxidase (HRP) and Cy5-tyramide, while hybridization signal from DNP-labeled cDNA was amplified with anti-DNP-HRP and Cy3 tyramide. After signal amplification and posthybridization wash, the cDNA microarray was air-dried and detected with a laser scanner.
Image Acquisition and Data Analysis
Cy3 signal was derived from ovarian cancer cells, and Cy5 signal was derived from HOSE cells. Laser detection of the Cy3 and Cy5 signal on the microarray was acquired with a confocal laser reader, ScanArray ® 3000 (GSI Lumonics, Watertown, MA, USA). Separate scans were taken for each fluor at a pixel size of 10 µ m. cDNA derived from the control RNA hybridized to 12 specific spots within the microarray. Cy3 and Cy5 signals from these 12 spots should theoretically be equal and were used to normalize the different efficiencies in labeling and detection with the two fluors. The fluorescence signal intensities and the Cy3/Cy5 ratios for each of the 2400 cDNAs were analyzed by the software Imagene 3.0™ (Biodiscovery, Los Angeles, CA, USA).
Real-Time Quantitative RT-PCR
Real-time PCR was performed in duplicate using primers sets specific to GA733-2, osteopontin, prostasin, creatine kinase B, CEA, KOC, and a housekeeping gene, cyclosporin, in an ABI P RISM ™ 5700 Sequence Detector (Applied Biosystems, Foster City, CA, USA). RNA was first extracted form normal ovarian epithelial cell cultures (HOSE 695, 697, 713, and 726) and six ovarian carcinoma cell lines (OVCA3, OVCA432, OVCA433, OVCA633, SKOV3, and ALST). cDNA was generated from 1 µ g total RNA using the TaqMan ® reverse transcription reagents containing 1 ×TaqMan reverse transcription buffer, 5.5 mM MgCl 2 , 500 µ M dNTP, 2.5 µ M random hexamer, 0.4 U/ µ L RNase inhibitor, 1.25 U/ µ L MultiScribe™ reverse transcriptase (Applied Biosystems) in 100 µ L. The reaction was incubated at 25°C for 10 min, 48°C for 30 min, and finally at 95°C for 5 min. Briefly, 0.5 µ L cDNA was used in a 20-µ L PCR mixture containing 1 × SYBR ® PCR buffer, 3 mM MgCl 2 , 0.8 mM dNTP, and 0.025 U/ µ L AmpliTaq Gold ® (Applied Biosystems). Amplification was then performed with denaturation for 10 min at 95°C, followed by 40 cycles of denaturation at 95°C for 15 s and annealing/extension at 60°C for 1 min. The changes in fluorescence of SYBR Green I dye in every cycle was monitored by the ABI 5700 system software, and the threshold cycle (C T ) for each reaction was calculated. The relative amount of PCR products generated from each primer set was determined based on the C T value. Cyclosporin was used for the normalization of quantity of RNA used. Its C T value was then subtracted from that of each target gene to obtain a ∆ C T value. The difference ( ∆∆ C T ) between the ∆ C T values of the samples for each gene target and the ∆ C T value of the calibrator (HOSE726) was determined. The relative quantitative value was expressed as 2 -∆∆ CT .
RESULTS AND DISCUSSION
The MICROMAX System
The MICROMAX system allows the simultaneous analysis of the expression level of 2400 known genes. The use of TSA in the MICROMAX system after hybridization reduces the amount of total RNA needed to a few micrograms, which is about 20-100 times less than currently used method. The detail of TSA has been described previously for chromosome mapping of PCR-labeled probes less than 1 kb by FISH (10) . In this study, we were able to identify 30 putative differentially overexpressed genes (excluding nine ribosomal genes) in ovarian cancer cell lines (Table 1) . Using high-density cDNA array on membrane, Schummer et al. (11) have identified 32 known genes that exhibit tumor-to-HOSE ratios of more than 2.5-fold. Fourteen of these 32 genes were present in the MI -CROMAX cDNA microarray, but only five of them were more than threefold in our study. This difference may be due to the use of cancer cell lines in our study versus the use of bulk tumor tissues in the study by Schummer et al. (11) .
In this study, biotin-labeled cDNA was made from ovarian cancer cell lines, while DNP-labeled cDNA was made from HOSE cells. The differential TSA of the hybridization signal depends on the use of streptavidin-HRP conjugate or anti-DNP-HRP conjugate in a sequential step. At each step, Cy5-Tyramide or Cy3-Tyramide can be added, and the HRP will then catalyze the deposit of Cy3 or Cy5 onto the hybridized cDNA nonspecifically. As a result, we can choose to have either Cy3 or Cy5 signal for the cDNA derived from ovarian cancer cell lines, and vice versa for HOSE cells. Thus, we do not have to make two different sets of probes if we want to compare the effect of Cy3 or Cy5 fluorescence as a result of their differences in extinction coefficients and quantum yields. We also found that the Cy3 and Cy5 signals on the processed slides were stable for more than six months.
Normalization of Signals
The MICROMAX system has three nonhuman genes as internal controls. Each of the control genes has been spotted four times on the microarray. Equal amounts of polyA RNA derived from these control genes were spiked into the total RNA samples derived from both HOSE and ovarian cancer cell lines during cDNA synthesis. Thus, hybridization signals from these control genes in two RNA samples should theoretically be the same. The Cy3-to-Cy5 ratios for these control genes varied from 0.4 to 4.0, and the average ratio was 1.5 ± 1.1 (data not shown). From a prior microarray analysis of human cancer cells, 88 genes have been identified to express at relatively constant levels in many cell types (2) . The MICRO -MAX microarray also contains 58 of these 88 genes and 21 of these genes with a signal-to-noise ratio more than threefold were analyzed ( Table 2 ). The ratios varied from 0.23 to 5.22. The average ratio is 1.6 ±1.5. Thus, the result of internal control RNA for normalizing signal was similar to that of genes that express at a relatively constant level in different cell types. The set of nonhuman control genes will be useful as control for other custom-designed chips. 
Effect of Background Signal on the Identification of Differentially Expressed Genes
In our study, 1357 of the 2400 genes on the microarray have Cy3 signals (from ovarian cancer cell lines) that were at least twofold higher than the background, or 740 genes have Cy3 signals that were at least threefold higher than the background. After posthybridization washes, there was still significant background intensity for the Cy3 signal (Figure 1 ) but very low background for Cy5 (data not shown). Subsequently, we washed the microarray again in 30 mL TNT buffer at 42°C for 20 min instead of at room temperature, followed by 30 mL 0.006 ×SSC for 1 min. The washed microarray was then dried and rescanned. This process was repeated several times until the number of genes with signal-to-noise ratios at least threefold remained the same. The extensive washing steps decreased the background intensity significantly, but there were no obvious changes in the signal intensity. As a result, the number of genes with at least threefold signal-tonoise ratios has increased from 740 to 791 genes. Moreover, the differential expression ratios, in general, have increased as shown in both Table 1 and Table 2 . More importantly, after the extensive washing, we were able to detect the differential expression of two weakly expressed genes, thiol-specific antioxidant protein (4.5-fold) and elongation factor-1-β(9.7-fold), which were previously identified by Schummer et al. (11) . Thus, we suggest that extensive posthybridization washing and rescanning of signals may be necessary to decrease background signal, especially in the case of differentially expressed genes with low expression level.
Confirmation of Differential Expression by Real-Time Quantitative PCR
To further validate the differential expression, we chose five interesting genes, GA733-2, osteopontin, koc , prostasin, and creatine kinase B, for real-time PCR analysis. All of these genes are either surface antigens or secreted proteins. Thus, they may be useful as tumor markers for ovarian cancer. GA733-2 is a cell surface 40-kDa glycoprotein associated with human carcinomas of various origins (13) . Osteopontin is a secreted glycoprotein with a conserved Arg-Gly-Asp (RGD) integrin-binding motif and is expressed predominantly in bone but has been found in breast cancer and thyroid carcinoma with enhanced invasiveness (12, 15) . Prostasin is a novel secreted serine proteinase that was originally identified in seminal fluid (16) . The koctranscript is highly overexpressed in pancreatic cancer cell lines and in pancreatic cancer. It is speculated that koc may assume a role in the regulation of tumor cell proliferation by interfering with tran - a Each gene was analyzed using an identical panel of 10 cDNA samples that were comprised off our normal ovarian surface epithelial cells and six ovarian cancer cell lines. The expression of each gene for each cDNA sample was normalized against cyclosporin. Duplicated reactions were performed for each of the genes, and similar results were obtained.
scriptional and or posttranscriptional processes (8) . Creatine kinase B is a serum marker associated with renal carcinoma and lung cancer (4, 14) . Moreover, two randomly selected genes, CEA and RGS, were used as negative controls.
The results (Table 3) showed that all the tested ovarian cancer cell lines expressed higher levels of GA733-2. However, osteopontin, prostasin, KOC, and creatine kinase B were overexpressed in only some of the cancer cell lines. Since we were using pools of RNA, the differential expression that we have observed is an average of the gene expression from three independent HOSE cells or three different cancer cell lines. This strategy allows us to capture genes that overexpress in either some or all of the cell lines. Genes that only overexpress in some of the ovarian cancer cell lines may be useful for molecular classification of ovarian cancer cells. Since as little as 10 pg cDNA is enough for real-time quantitative RT-PCR, RNA extracted from microdissected tissue would be enough for thousands of such real-time quantitative RT-PCR analyses.
